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in clinical correlation for better drug regime.
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Malaria is a major cause of morbidity in the tropics, thus dis-
ease is of global importance that results in 300–500 million
cases and 1.5–2.7 million deaths yearly (Snow et al., 2005).
Approximately 2.48 million malarial cases are reported annu-
ally from South Asia, of which 75% cases are contributed by
India alone (Yadav et al., 2011). In malaria infected patients,
especially non immune children and adults prompt an accurate
diagnosis, which is seminal to effective disease management
and to prevent fatal outcome. Clinical diagnosis, fever, febrile
illness and other signs and symptoms are known to be reason-
ably sensitive measures of malaria, but they lack speciﬁcity and
positive predictive values especially in areas where malaria is
less prevalent (Erhart et al., 2004). Moreover, in tropical coun-
tries like India where malaria is most prevalent, it may be dif-
ﬁcult to distinguish the malaria from other infection e.g. viral
or bacterial based on the symptoms and signs (Lathia and
Joshi, 2004). Preventive antimalarial treatment is widely prac-
ticed and studies showed that signiﬁcant misuse of antimalarial
drugs is among the major causes of drug resistance (Barnish
et al., 2004). Further, microscopic diagnosis, although is the
gold standard for malarial parasite detection and speciation re-
quires technical expertise, repeated smear examination and is
time consuming. However, it is a valuable technique and per-
formed correctly with adequate expertise hands but can be
unreliable and perceived as wasteful when poorly executed.
Infections of red blood cells result in various changes in
haematological parameters and are likely to be inﬂuenced by
any disease condition which affects the haemopoietic physiol-
ogy at any level. This is likely to happen with an endemic dis-
ease such as malaria that affects the host homeostasis at
various fronts resulting in a myriad of clinical presentation.
Undoubtedly, blood is the most easily accessible diagnostic tis-
sue and haematological and biochemical variations are some
of the most common complications in malaria and they play
a major role in malarial pathology.
Jharkhand is situated in the eastern region of India, and
bordered by states of Bihar, Madhya Pradesh, Orissa and West
Bengal. It spans an area of 79,700 square km and the popula-
tion of the state is 30,010,000, out of which 32% is tribal while
14% of the people belong to schedule caste. 80% of the inhab-
itants reside in rural areas as the main crop of state is rice and
82% of the population are involved in agriculture for their
livelihood. There are well deﬁned seasons in Jharkhand, winter
(November–February), summer (March–mid June), and rainy
season (mid June–October), which brings nearly all of the
state’s annual rainfall ranging from 40 inches (1000 mm) in
the west central part of the state to more than 60 inches
(1500 mm) in the south west. Rainfall on the plateau is gener-
ally heavier than on the plains. The complexity and magnitude
of malaria in the central eastern part of India deserve special
mention and attention as the central eastern state contributes
15–20% of total malarial cases in the country (Draft on Na-tional Policy on Tribals by Govt. of India; 2005). Jharkhand
had a yearly average slide positivity rate (SPR) for symptomatic
individuals of 10.4% over the last three years with Plasmodium
falciparum accounting for 44% of the cases (State Malaria
Control Program, 2008). Jharkhand, an understudied and tribal
dominant region with perennial malarial transmission zone where
malaria is rampant causing 20 · 103 annual malarial deaths, sec-
ond to Orissa in India as per the latest observation published
by Dhingra et al. (2010) in Lancet, reﬂects the importance of
the area and the necessity of undertaking extensive investigation
when malarial pathology is concerned. However the morbidity
in Jharkhand ranges from 1.5 to 2.3 lakh cases annually over
the last three years whereas mortality ranges from 16 to 35 cases
annually over the last three years as per the Directorate of
National Vector Born Disease Control Programme, India and
the Ministry of Health and Family Welfare, Govt. of India.
Hazaribag, a semi-urban district, located at a longitude be-
tween 8510 E and 8590 E and latitude between 2350 N and
2440 N situated at a height of 2019 ft. above the sea level. Haz-
aribag in the state of Jharkhand (Eastern India) lying in the
tropical zone with annual rainfall of 1234.5 mm has favourable
geo-climatic and ecological conditions conducive for perennial
malarial transmission. It is known for stable and rampant ma-
laria with a yearly average slide positivity rate (SPR) for symp-
tomatic individuals of 7.4% over the last few years. Some of
the areas of the state viz. Palamau, Gumla and Singhbhum
are high transmission areas with 18–21% SPR while Hazari-
bag, Bokaro and Ranchi are low transmission areas with up
to 7.8% SPR. (State Malaria Control Program, 2008).
A prompt and early diagnosis is important for effective
management in malaria. Many acute febrile illnesses like viral
fever, arboviral infections, enteric fever and leptospirosis occur
in the tropics and it is difﬁcult to distinguish malaria from
these illnesses on clinical grounds alone. Haematological
changes associated with malarial infection, such as haemoglo-
bin, packed cell volume, blood sugar, blood glucose, serum bil-
irubin, serum creatinine are well recognized, but speciﬁc
changes may vary with the level of malaria endemicity, back-
ground haematological and nutritional status, demographic
factors and malarial immunity (Price et al., 2001). However,
our knowledge of haematological proﬁle of malaria endemic
population of Jharkhand and its relation to promising bio-
chemical diagnostic potential and monitoring in malarial pa-
tients is limited. Thus, we investigated the haematological
and biochemical alterations in the persons infected with P. fal-
ciparum, Plasmodium vivax and with mixed infection from tri-
bal dominant and malaria endemic population of Hazaribag,
Jharkhand and compared with healthy subjects from the same
community. Furthermore, diagnostic value of these haemato-
logical and biochemical alterations has not been investigated
before in the population living in malaria endemic areas. Addi-
tionally, the clinical symptoms and haematological patterns
and their possible predictive values of malaria in this epidemic
population are identiﬁed. Such indicators may heighten the
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parasite and prompt institution of speciﬁc therapy.
2. Materials and methods
2.1. Sampling strategy and ethics
The participants were asked about their age, history of blood
transfusion, use of malarial prophylactics, and underwent
physical examination to identify those who were ill. Subjects
were considered healthy if they have no symptoms or signs
of disease and their temperature was normal. After informed
consent was given, blood specimens were collected. Clinical re-
cords were used to verify patient data, and the study protocol
was carried out in accordance to the Vinoba Bhave University
Hazaribag, human ethical guidelines, as reﬂected in the guide-
lines of the Medical Ethics Committee, Ministry of Health, In-
dia. Blood specimens were collected from all age groups during
different transmission periods of the year from positive cases
of P. vivax, P. falciparum and mixed malaria, who had under-
gone clinical investigation and conﬁrmed on the basis of clin-
ical symptoms and a parasite blood ﬁlm was checked after
staining with Jaswant Singh Battacharya (JSB) stain (Singh,
1956). After drying, the slides were examined by an experi-
enced technician in the laboratory using an oil-immersion lens
(100· magniﬁcation). A slide was considered positive if at least
one asexual form of parasite was detected in 100 microscopic
ﬁelds in thick blood ﬁlm. Blood parasite density was deter-
mined from the thick ﬁlms by counting the number of parasites
against 200 white blood cells (WBC) and assuming that each
subject had 8000 white blood cells/ll of blood.
2.2. Study population and study design
A cross sectional, hospital based study design utilized in this
study is a case control study involving 106 plasmodium in-
fected (52 P. vivax, 42 P. falciparum and 12 mixed infection)
randomly selected patients of either sex, who attended to local
government hospital and private hospitals located at Hazari-
bag, Jharkhand, India, between 2008 and 2009. The control
group included 33 healthy subjects, relatives or attendants of
the patients, who did not have malarial infection. Both groups
(experimental and control) were comparable in their socio-eco-
nomic status, place of residence and age (2–58 years).
The study was conducted in the Jharkhand state emphasizing
the tribal dominant area as Hazaribagh, a semi-urban district, had
an yearly average SPR for symptomatic individuals of 7.3% over
the last three years with P. falciparum accounting for 14% of the
cases (State Malaria Control Program, 2008). Moreover, the state
lies in the tropical zone with an annual rainfall of 1234.5 mm with
favourable geo-climatic and ecological conditions conducive for
perennial malarial transmission. Hazaribag is a highly endemic
area of P. vivax and P. falciparum infection with an intense sea-
sonal occurrence from July to October. Inclusion and classiﬁca-
tion of each case were based on symptoms, physical signs and
laboratory ﬁndings of malaria at the onset of disease.
2.3. Laboratory assays
On the basis of the clinical investigation and the measurement
of auxiliary body temperature at attendance, all patients wereinvestigated with complete blood count, mean parasite density,
erythrocyte sedimentation rate, haemoglobin, serum bilirubin,
serum creatinine, blood sugar, blood urea, and packed cell vol-
ume. All haematological investigations for haemoglobin, PCV,
blood sugar and ESR were carried out by Acid haematin (Ash-
ford, 1943) or Sahli’s methods (Sahli, 2009), Wintrobe’s meth-
od (Gilmour and Sykes, 1951), Orthotolidine method (Bu¨rgi
and Mittelholzer, 1968) and Westergren method (Gilmour
and Sykes, 1951) respectively. Further biochemical investiga-
tion for blood urea, serum bilirubin and serum creatinine were
carried out by Nesslerization method (Marsh et al., 1965), Van
den Bergh method (Malloy and Evelyn, 1937) and alkaline pic-
rate method (Weatherburn et al., 1978) respectively.
2.4. Statistical analysis
All data were expressed as mean ± SE. The means of the
parameters for malarial patients and healthy subjects were
compared by using Student’s t-test. A P-value of <0.05 was
considered statistically signiﬁcant and used in the graphs.
Spearman rank correlation test was used to calculate the pos-
sible correlation between haematological parameters and
malarial parasitaemia.
3. Results
3.1. Demographic and clinical characteristics of studied
population
All the 106 patients infected with P. vivax (N= 52), P. falcipa-
rum (N= 42) and mixed infection (N= 12) in the study group
comprised of 33, 28 and 8 males and 19, 14 and 4 females
respectively in P. vivax, P. falciparum and mixed infection with
mean age, 29.25 ± 1.9, 27.98 ± 2.4 and 22.85 ± 4.6 and tem-
perature, 99.65 ± 0.1, 98.91 ± 0.3 and 99.64 ± 0.4 F in P. vi-
vax, P. falciparum and mixed infection respectively. The
control group (N= 33) comprised of 16 males and 17 females
with mean age and temperature of 29.48 ± 2.6 and
97.68 ± 0.1 F respectively, as shown in Table 1.
3.2. Haematological evaluation of the studied population
The following haematological and biochemical parameters
were lower in all the infection types (P. vivax, P. falciparum
and mixed infection); haemoglobin, blood sugar, packed cell
volume (PCV) and blood urea, whereas erythrocyte sedimenta-
tion rate (ESR) is higher in all types of infection. Further, ser-
um bilirubin is higher in all types of infection as compared to
healthy subjects and serum creatinine is higher in P. vivax and
P. falciparum, whereas lower in mixed infection as compared
to healthy subjects as shown in Table 1.
There is a mean decrease in haemoglobin in all the infection
types (P. vivax, P. falciparum and mixed infection)
10.56 ± 0.3 g/dL, 9.58 ± 0.2 g/dL and 9.46 ± 0.7 g/dL
respectively, compared to healthy subjects of 12.35 ± 0.3 g/
dL. Similarly, we also observed a mean decrease in the blood
sugar level of 85.42 mg ms%± 1.5, 87.57 mg ms%± 3.2
and 73.92 mg ms%± 2.8 respectively in all the infection
types) as compared to healthy subjects (99.99 mg ms%± 2.4)
and packed cell volume percentage (28.42 ± 1.2, 30.74 ± 1.5
and 27.42 ± 3.1 respectively in all the infection types) as
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198 M.M. Hussain et al.compared to healthy subjects (48.64 ± 1.8). Interestingly, the
differences in haemoglobin percentage, blood sugar level and
PCV percentage were observed to be statistically signiﬁcant
when compared with healthy subjects as shown in Fig. 1A–
C. Further, erythrocyte sedimentation rate (ESR) was ob-
served to be elevated (82.19 ± 5.1 mm/h, 77.79 ± 4.5 mm/h
and 78.42 ± 12.3 mm/h respectively in all the infection types)
as compared to healthy subjects (11.64 ± 0.9 mm/h) and the
difference was statistically signiﬁcant as shown in Fig. 1D.3.3. Biochemical evaluation of the studied population
We observed signiﬁcant differences in mean levels of biochem-
ical parameters among all types of plasmodium infection (P.
vivax, P. falciparum and mixed infection) as compared to
healthy subjects. The concentration of serum bilirubin level
is higher in all the infection types (2.24 ± 0.2 mg/dL,
2.35 ± 0.1 mg/dL and 2.31 ± 0.7 mg/dL respectively), as
compared to healthy subjects (1.59 ± 0.1 mg/dL), however
the differences were statistically signiﬁcant in the case of P. vi-
vax and P. falciparum when compared to healthy subjects as
shown in Fig. 2A. Further, mean serum creatinine level is high-
er in P. vivax and P. falciparum infection (1.42 ± 0.1 mg/dL
and 1.36 ± 0.07 mg/dL) as compared to healthy subjects
(1.25 ± 0.05 mg/dL) but the difference was signiﬁcant only
in the case of P. falciparum infection, whereas the concentra-
tion of mean serum creatinine level is signiﬁcantly lower in
the case of mixed infection (0.97 ± 0.08 mg/dL) when com-
pared to healthy subjects as shown in Fig. 2B. There is a mean
decrease in the blood urea level in all types of infection
(28.88 ± 1.1 mg/dL, 27.36 ± 1.1 mg/dL and 27.08 ± 1.8 mg/
dL) when compared to healthy subjects (34.30 ± 1.4 mg/dL)
and the differences in blood urea levels are observed to be sig-
niﬁcant as shown in Fig. 2C.
3.4. Statistical correlation among biochemical, haematological
and clinical parameters of the studied population
An inverse correlation in blood urea level and erythrocyte sedi-
mentation rate was observed in vivax infection (Fig. 3B and C)
with the increase of parasite density and age respectively and
they were negatively associated (Pearson r= 0.384 and
0.319 respectively) but statistically signiﬁcant as R2 = 0.147,
P= 0.005 and R2 = 0.102, P= 0.02 respectively, whereas the
blood glucose level is directly correlated with the increase in aux-
iliary temperature in vivax infection as shown in Fig. 3A and it
was found positively associated (Pearson r= 0.395) and statisti-
cally signiﬁcant as R2 = 0.156 and P= 0.003.
Similarly an inverse correlation in packed cell volume and
blood sugar level was observed in falciparum infection with
an increase of age and parasite density respectively (Fig. 4A
and B) and they were found signiﬁcant as R2 = 0.136,
P= 0.01 and R2 = 0.196, P= 0.003 respectively, whereas
the packed cell volume is directly correlated with the increase
in parasite density in falciparum infection as shown in
Fig. 4C and were found signiﬁcant as R2 = 0.095 and
P= 0.04. Interestingly, the packed cell volume is negatively
associated with age and parasite density (Pearson
r= 0.369 and 0.443 respectively), whereas blood sugar is
positively associated with parasite density (Pearson
r= 0.308) in the case of falciparum infection.
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In malarial infection, erythrocytes are the principal target of
the parasites leading to various changes in the infected RBCs
after invading an erythrocyte. The growing malarial parasites
alter the RBC membrane and subsequent membrane protuber-
ances help in the process of cytoadherence rosetting and agglu-
tination, which are central to the pathogenesis of falciparum
malaria. The severity of malaria shows a variable degree of
clinical manifestation and mediated by transmission intensity.
The complex pathological complications, understanding the
key factors inﬂuencing the clinical outcome of an infection
and parasite’s progression strategy have created a critical need
for haematological and biochemical markers in view of the
overall lack of an attractive candidate biomarker for early
malarial diagnosis and prevention strategies.
In this investigation, we observed that haematological alter-
ations are considered as a hallmark of malaria and reported to
be more pronounced in P. falciparum infection as compared to
P. vivax (Weatherall et al., 2002), probably due to a higher le-
vel of parasitaemia found in these patients.
We investigated the effect of host haematological parame-
ters (haemoglobin, blood sugar, packed cell volume and
ESR), biochemical parameters (serum bilirubin, serum creati-
nine and blood urea) and parasitological parameters upon
the plasmodium (P. vivax and P. falciparum) infection.P.vivax P.falciparum Mixed Infection Healthy Subject
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Figure 2 (A) Level of blood urea in P. vivax, P. falciparum and mixed infection compared with healthy subjects. (B) Level of serum
bilirubin in P. vivax, P. falciparum and mixed infection compared with healthy subjects. (C) Level of serum creatinine in P. vivax, P.
falciparum and mixed infection compared with healthy subjects. Data were presented as mean ± SE and statistical signiﬁcance was
determined by Student’s t test.
200 M.M. Hussain et al.anaemia, better nutritional status, and/or better access to
treatment. A community-based study of malarial prevention
in Tanzania (Shiff et al., 1996) has conﬁrmed that falciparum
malaria was an important cause of haematological changes
in association with clinical symptoms and parasitaemia as
compared to our observations.
Haemolysis, haemoglobin recycling and iron ﬂux are cen-
tral to the pathophysiology of malaria and post-malarial anae-
mia. The relative contributions of malaria and iron deﬁciency
to post-malarial anaemia are often unclear, however iron sup-
plementation combined with effective anti-malarial therapy is
commonly employed and has been shown to be an effective
strategy for the management of post-malarial anaemia
(WHO: World malaria report, Geneva, 2008). The low haemo-
globin concentrations may have triggered gametocytogenesis
(Nacher et al., 2001). Haemoglobin concentrations ﬂuctuate
over time in different individuals. The negative association be-
tween temperature and Hb concentration observed may be due
to certain immunologic responses such as the secretion of high
levels of TNF a potent pyrogen. Chronic low grade production
of TNF, in response to P. falciparum parasitaemia may induce
dyserythropoiesis thus contributing to the pathogenesis of
malarial anaemia (Tchinda et al., 2007).
The present study demonstrates that low haemoglobin lev-
els and low blood glucose levels are the two most reliable hae-
matological parameters in predicting vivax malaria in patients
from endemic areas. The ﬁndings’ regarding decreased haemo-
globin is a commonly observed haematological ﬁnding and is
consistent with other studies (Erhart et al., 2004; Ge´rardin
et al., 2002) in malaria-infected individuals, typically presentin the mild-to-moderate range (Ladhani et al., 2002). A combi-
nation of low haemoglobin and high ESR also had a signiﬁ-
cant diagnostic value. In this malaria endemic area, a
combination of the three parameters (haemaglobin, blood su-
gar and ESR) irrespective of clinical parameters like fever
should always be re-evaluated for malaria especially in chil-
dren and pregnant women that are symptomatic but have
low density parasitaemia resulting in a false negative blood
smear or rapid diagnostic test. The haematological changes re-
lated with malarial infection are familiar, but precise changes
may vary with the category of malaria, with the background
of haemoglobinopathy, nutritional status, demographic fac-
tors and malarial immunity (Price et al., 2001).
Further, our observation regarding signiﬁcantly elevated
serum creatinine level during plasmodium infection is in accor-
dance with (OgdaboyI and Tsado (2009); Delanghe et al.
(1989)) who had earlier observed an elevated serum creatinine
concentration in malarial patients in Nigerian population. The
elevated serum creatinine concentration could be suggestive of
ineffective ﬁltering ability of the kidney which could result
from renal function impairment.
Deranged renal functions, although a slightly lower blood
urea was observed in infected patients as compared to healthy
subjects in our study and higher creatinine in malaria have
been attributed to various factors like dehydration, increased
catabolism, and impaired renal function (Sitprija et al.,
1967). Serum creatinine concentration increases more rapidly
than blood urea as observed in our study and is in accordance
with the earlier ﬁndings (Eiam-Ong, 2002). Despite these con-
siderations, blood urea levels do not reﬂect the performance of
Figure 3 Association of biochemical and haematological markers with clinical features and parasitaemia during vivax infection. (A)
Correlation between blood sugar concentration and auxiliary temperature during vivax infection. (B) Correlation between blood urea and
parasite density during vivax infection. (C) Correlation between ESR and age during vivax infection. Statistical signiﬁcance was
determined by Student’s t test.
Investigation on Plasmodium falciparum and Plasmodium vivax infection inﬂuencing host 201the kidneys as compared to serum creatinine. This is because
urea production is also altered by dehydration, food intake,
and tissue catabolism (Wilairatana et al., 1999).
In the present study prolonged duration of illness due to
malaria and associated pathology, higher concentration of bil-
irubin, severity of ARF (higher urea and creatinine with acido-
sis) and severe malarial anaemia were associated with poor
prognosis. Most of these ﬁndings, as a predictor of mortality
in malarial ARF and in complicated falciparum malaria are
consistent with other studies (Lalloo et al., 1996), however it
is believed to occur as a result of intravascular haemolysis of
parasitized erythrocytes, hepatic dysfunction, and possibly
due to microangiopathic haemolysis associated with dissemi-
nated intravascular coagulation. While most patients have
unconjugated bilirubinaemia due to haemolysis, conjugated
bilirubin may predominate due to hepatocyte dysfunction
(Wilairatana et al., 1994). In the present study we also ob-
served an elevated serum bilirubin level in both types of infec-
tion, indicating that hepatic dysfunction/involvement is on the
rise and this elevated observation during malarial pathology is
in accordance with the earlier ﬁndings (Wilairatana et al.,
1994).In conclusion, infection with P. falciparum and P. vivax
modulates signiﬁcant changes in haematological parameters
in populations living in malaria endemic regions. The most sig-
niﬁcantly altered parameters are haemoglobin, blood sugar,
blood urea, packed cell volume and ESR. We strongly hypoth-
esized on the basis of our interesting and seminal observation
during our study that blood sugar, blood urea and ESR are
signiﬁcantly correlated with auxiliary temperature, parasite
density and age respectively in the case of vivax infection
whereas parasite density is signiﬁcantly correlated with blood
sugar and packed cell volume and further age is also signiﬁ-
cantly correlated with packed cell volume in the case of falci-
parum infection, therefore, these haematological and
biochemical parameters may be used as a marker of disease
severity and of diagnostic potential during malarial infection.
Limitations include lack of previous medical history includ-
ing anti-malarial treatment for the non-infected cases, which
could potentially affect the interpretation of the results. Addi-
tionally no further investigations were done to rule out other
infection such as bacterial and viral that could produce such
haematological alterations. Concludingly, the presence of aux-
iliary temperature and parasitaemia in combination with blood
Figure 4 Association of biochemical and haematological markers with clinical features and parasitaemia during falciparum infection.
(A) Correlation between PCV and age during falciparum infection. (B) Correlation between blood sugar and parasite density during
falciparum infection. (C) Correlation between PCV and parasite density during falciparum infection. Statistical signiﬁcance was
determined by Student’s t test.
202 M.M. Hussain et al.sugar level and blood urea level in patients from endemic areas
may be useful as supportive diagnostic criteria for malaria in
circumstances where deﬁnitive microscopic or RDT may be
sub-optimal, as may be the case with low parasite density.
Therefore, when used in addition to clinical and microscopy
parameters, it can signiﬁcantly improve malaria diagnosis
and ideally prompt timely initiation of anti-malarial therapy.Acknowledgments
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